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Abstract

Safe tritium containment is a critical bottleneck for gigawatt-level fusion power plants. The massive daily tri-
tium circulation (up to tens of kilograms) to sustain plasma burnup strictly contradicts the near-zero environ-
mental emission limits (on the order of tens of Curies). Conventional barrier coatings prepared by traditional
methods suffer from poor density, weak adhesion, and rapid performance degradation under harsh fusion
environments.

To address this, we propose a novel approach utilizing advanced filtered energetic ion beam technology to pre-
pare highly efficient tritium barrier coatings. This technique thoroughly eliminates macroparticle impurities,
enabling the in-situ growth of ultra-dense, columnar-free coatings with robust pseudo-diffusion interfacial
bonding. This fundamentally eliminates micro-defects and physically blocks tritium fast diffusion pathways.
Furthermore, we pioneer a biomimetic “skin-like”gradient structure comprising a “tritium-blocking layer”
and an inner “tritium-storage layer.”The outer dense ceramic or intermetallic layer provides primary physical
shielding to minimize permeation, while the inner layer acts as a chemical capture buffer. It immobilizes any
trace permeated tritium via reversible trapping effects, establishing a dynamic equilibrium that effectively
prevents interfacial enrichment and lateral diffusion.

By combining precision energetic beam control with this synergistic “blocking-storage”structural design, this
project develops a revolutionary barrier coating. It provides a crucial material solution for the safe contain-
ment of massive tritium inventories in future fusion engineering.
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